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(57) Abstract: The invention relates to computer engineering and can be used for various computer memory devices and for 
developing video-audio apparatus of new generation, systems of associative memories and synapses (an clement of a electric 
line provided with a programmable electric resistance) for neural networks of neurocomputers. The inventive memory cell 
makes it possible to preserve several data bits and has a high speed. Said memory cell comprises two aluminium solid c ectrodes 
(1 and 2) and a multilayer functional area disposed therebetween and consisting of an active layer (3), a barrier layer (4) and a 
passive layer (5). 
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(57) Pe^epi-n VhoGpeTOHHe othochtca k BbiHHCJiirrejibHofi tcxhhkc h moxcct 6i»rn» Hcnajib3OBaH0 b 
3anoMHHaioiUKX ycTpoficTBax KOMnworepoB pa3JiHMHoro hbshbhchhs, a raioKe An* ccha&hiui 
BHaeo-ayAHO annapaTypu hoboto noKoneHHH, pa3pa6oncH CHcreM accoiwaTHBHfeix 
3anoMHHaK>iUKx ycrpottcTB, cmjxmm cHHancoB (ajieMema aneiopHHecKoti ueriH c 
nporpaMMHpyeMUM aneicrpHHecKHM conpcmiBjieHHCM) Ana HcRpoHHux cerefi 

HeRpOKOMTIblOTepOB. 

flnefiKa naMHTH no3BOJwer xpaHwn> HecKOJibKO 6htob HH^pMauHH h xapaKTepvoyerca 

BblCOKHM 6HCTpOAettcTBHCM. 

3a»BJiseMaH HHeitaa naMHTH coAepaorr Asa aJiiOMHHHeBbix ciuioumbix 3/iejcrpoAa 1 h 2, 
Me«Ay KoropuMH pacnonoHcena mh root Rhm <J>yHKUHOHanbHaa 30Ha, cocroamaH K3 ahoix> 
aKTHBHoro cjioa 3, OAHoro 6apbcpHoro 4 h oahoto naccHBHOro cjioh S. 
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HHEfiKA HAMHTH 

OSjiaCTb TeXHHKH 

H3o6pereHHe othochtch k BBraHCJnrrejn.HOfi Texronce h Moacer 6trn> Hcnojit- 

30B8HO B 3anOMHHaK)mHX yCTpOHCTBaX KOMIEblOTepOB pa3jnwHoro Ha3HaqeHHfl, B 

pa3pa6oTKe cHcreM accouHamBHHX 3anoMHHaiomHx ycrpoftcra, co3AaHna cmiancoB 
(aneMema ajieicrpHqecKoft n.enH c nporpaMMHpyeMBiM 3JieKTpHHecKHM conpoiHBJie- 
mieM) fljw HeSpoHHHx ce-reft, coanaHHeM 6aHKOB AaHHtix c npflMHM flocrynoM, co3- 
flainieM BHfleo-ayflHO annapaTypti hoboto noKoneHHH. 

IIpeflfflecTByiomBtt ypoaeHb tcxhhkh 
B coBpeMeHHBix KOMnbKyrepax HcnomayioTCfl 3anoMHHaiomHe ycrpoHCTBa 
pa3JiHHHoro na3HaHeHHH c OTJimawnpiMHca xapaKrepHCTHKaMH no CKopocra 3airacH, 
BpeMCHH xpaHeHHfl, BpeMera aocryna h currHBaHHa HHcpopMamm. 3to cymecxBeH- 
ho ycjioxcHaer pa6ory BtraHCJiirrejiBHHX chctcm, yBejurmBaex BpeMa noaroTOBKH 
KOMittKyrepoB k pa6oTC, ycnoaawer npoSaeMy coxpaHeHBW HH^opMamra h t.a. 

OflHOfi H3 npHOpHTCTHHX 3&^m CTOfflHeft B 06naCTH MKKpOSaeKTpOHHKH flBJIfl- 

erca co3flaHHe yHHBepcajiBHO 3anoMHHaiomero ycnpoficraa oojianaiomero bhcokoS 
CKOpocn.10 3airacH h cqHTHBaHHa HH^opManHH Hapafly c 6ojn,raHM BpeMeHeM xpa- 
Hemw h bhcokoh HH^opMaimoHHoft njioTHOCTBK). BMecre c 3THM HMeerca 6ojn»mafl 
notpe6H0CTB b co3flaHHH 34>$eKTHBHoro h npocroro sjieMeffra CHHanca aim HeKpoH- 
hhx KOMUbKyrepoB. OrcyrcrBHe TaKoro ajieMeirra cflepxcHBaex co3flaHHa peaJiBHLix 
HefipoKOMnbioTepOB. 

BMecre c TeM, noTeHimaiiBHHe bosmohchocth (pH3HHecKHx npinmfflioB 3ano- 

KeHHHX B OCHOBy pa60TM SJieKTpOHHHX yCIpOfiCTB nOJiynpOBOflHHKOBOft MHKpO- 

3jieicipoHHKH npaicraqecKH Hcqepnami. B Hacroamee BpeMa Hfler mrreHCHBHtift no- 

HCK HOBBDC npHHUHHOB (pyHKHKOHHpOBaHHH H np0H3B0flCTBa SJieKTpOHHHX yCT- 

poficra Ha ocHOBe Hflefi MoneKyjwpHofi 3JieKipoHHKH c HcnojnaoBaHHeM MOJieKyjiap- 
' hhx MarcpnajioB hjih cynpoMoneKyjispmax aHcaMSjiefi. 

B paGorax [1, 2] npoaHajnonpoBaHa bo3mc»khoct& HcnojiB30BaHna sbjichhs 
ajieicipoHHofi cTpyicrypHofi HeycrofiqHBOcra HH3Kopa3MepHBix npoBOflamjax chctcm 
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b KtraeCTBe iproiraecKoro npmmmia, Ha ocHOBe Koroporo bo3MO»ho, b qacroTHOcra, 
awflaHHe 3anoMHHaiomHX ycrpo&CTB hoboto noKOJieHHH. B 3toh pa6oxe paccMarpH- 
bsiotch TeopeniHecKHe ochobh flairaoro hbjichhh c tohkh 3peHna MOJieKyjiflpHOfi 
sjieKipoHHKH, aHajncHpyioTCH ywioBHH h napaMerpH, onpeflejwioinHe ero xapaicre- 
Phcthkh. npHBOflflTCH flaHHHe no ojptoMepHHM MOJieKyjwpHBiM crpyKiypaM, npea- 
craBJWiomHe HHTepec pa nocrpoeraw yKa3aHHux ajieicrpoHHHX crpyicryp, a Taicsce 
paccMaTpHB aioTCH oco6eHHOCTH cipyKrypHOH HeycroHHHBOcra h aHajnoHpyiOTCJi 

B03M0HH0CTH CTaTHHeCKOTO H flHHaMHqeCKOrO ynpaBJieHHH npOBOflHMOCTBM OflHO- 

MepHHX chctcm. 

yKa3aHHHfi $H3BraecKHH npHHimn oTKpMBaer nepcneKTHBH KOHcrpynpoBa- 
hhh 3anoMHHaiomHX ycrpoficTB, ocHOBaHHHX Ha hobbes MexamcMax xpaHeraw h 
npeo6pa30BaHHa ampopManHH, a TaioKe b noflSope cooraercTByioiHHX MarepHajiOB. 
npeflCTaBJiaerca Bec&Ma oneBHUHBiM, tto norcfflHiajiBHHe bo3Mojkhocth MOJieKy- 
jwpHoii 3JfieKrpoHHKH 6y«yT pacKpura b eojismefi Mepe npn co3flaHHH HefipoHHHx 

CCrefi, COCTOflmHX H3 HeftpOHOB H CBTOHBaiOinHX HX aneKipoaKTHBHHX CHHanCOB. 

Co3flaHHe cpeACTBaMH MoneKyjwpHOH SJieicrpomiKH HCKyccreeHHHX HefipoHOB, pa3- 
jnrmoro -nraa ceHcopoB, BKjnoqeHHHX b eflHHyio cctb, orKpoer nyn> k peanroainoi 
Bcex nareHmiajitHHX bo3mojkhoctch 3ano>KeHHHX b HefipoKOMnbiOTepHOH Hfleono- 

ra H, H03BOJIHT C03flaTB npHHnHHHan&HO HOBBIH TOH HH^OpMaHHOHHO BEPfflCJIHTejBb- 
HHX CHCT6M, H HOflOHTH BIUIOTHyiO K pemeHHIO npOOJieM&I C03AaHHfl HCKyCCTBeHHOrO 
HHTCJUICKTa. 

H3BecTH0 ycipoftCTBO, coAepacamee aneinai naMjrra, KoropHe Moryr 6ht& 
HcnojiB30BaHH fljm xpaHemia mHpopManmi (cm. nareHT USA 6055180, MKH GUC 
ll/36,2000r.). 

OCHOBHHM HeflOCTanCOM lOBCCTHOrO yCTpOHCTBa HBJWeTCH to, x rro oho ho3bo- 
JWCT npOH3BOflHTB JIHHO, OflHOKpaTHyiO 3aHHC& HH$OpManHH. IIpHHeM flJM CHHTHBa- 

hhh mnpopMamm Hcnojtt3yerca onroqecKHH Merofl. HcnojnaoBaHHe onnraecKHx 
ycrpoHCTB cymecrrBeHHO ycnoxHaer h yB<yraqHBaer pa3Mep&i ycrpOHCTB, a xaioKe 
CHHxcaer HaflexHOcrb cHHTHBamw ro-3a cjioxhocth no3HnHOHHpoBaHH« oimraecKO- 
ro nyna, B apyroM cnoco6e 3airacH oimcaHHOM b flaraoM nareHTe Hcnojo3yerca 3$- 
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<J>eier TenjiOBoro npoGoa, KOToptifl bb33b&h npmioHceHHeM BBicoKoro nanpjDKeHHH. 
HeAOcraTKOM flaHHoro Merofla 3aimcH rajwercH to, *rro oho no3BOJiaer npoH3BOOTTL 
TaKHce juracb o#HOKpaTHyio 3anncB HH^opMaipca h ipeSyeT Hcnoji&30BaHHH bhcokhx 
Hanp^ceHHft 3JieicrpHqecKoro nona. 

5 IfeBecTHa HHe&ca naMHTH, coflepacamaa TpexcnoHHyio cnpyierypy, cocroiimyio 

H3 ppyx 3JieicrpoflOB, Meacfly kotophmh pacnojiOKeHO BHCOKoreMneparypHoe MOJie- 
KyjiapHoe coeflHHeHHe (cm. naTCHT JP 62-260401, MKH H01C 7/10, C23C14/08, 
H01B 1/12, 1990r. h cra-rao [4]). H3BecrHaa OTefcca naMjrra HcnojiwyeT npummn, 
ocHOBaHHHfi Ha H3MeHCHHH ajieiopHHecKoro conpoTHBJieHHH MOJieKyjwpHoro coe^H- 

io Hernia npn npujio^ceHHH BHemHero ajieKrpiraecKoro nojia. ITpoBOflHMOCTb Moneicy- 
jiapHoro BemecxBa Moacer npHHHMaTt ffBa chjibho pa3jraqaiomHXca 3HaqeHHa, *rro 
no3BOJwer xpaHHTL opjm 6ht HH^opMaipra. 

OCHOBHHMH HCflOCTaTKaMH H3BCCTHOfi OTCHKH naMHTH HBJDEEOTCH HH3KOe 6h- 

cipofleftcxBHe, cB«3aHHoe c SojisnraM BpCMeHCM nepeKjnoHeHHa conporaBJieHHa h 
15 BBicoKoe Hanp^KeHHe mrraHHa (okojio 60 B), KoropBie cymecTBeHHO oipamiHHBaiOT 
Hcno jn>3 OBaHHe yKa3aHH0H aqefira naMara b cocraBe cobpcmchhbix ajieicrpoHHBix 

yCTpOHCTB. 

H3Becroa TaioKe anefiKa naMara, coflepacamaa ipexcnofiHyio crpyioypy, co- 
CTOjmjyio H3 ppyx ajieiopoflOB, Mea«y kotophmh pacnonoEceHO HH3KOTCMnepaTyp- 
20 Hoe MOJieicynapHoe coeflraeHHe (cm. nareHT USA 4652894, MKH H01L 29/28, 
1987r. h CTaiwo [3]). Pa6ora mBecraofi arofiKH naMara TOHte ocHOBaHa Ha roMero- 

HHH 3JieKTpHHeCKOrO COIIpOTHBJICHHH MOJieKyJIHpHOrO COeflHHeHHH npH npHJKWKCHHH 

BHenmero ajieicrpHHecKoro nojia. OflHaKO flaraoe ycrpoiicTBO, b otjihtoc or Bume- 
npHBefleHHoro, xapaKreproyerca 6ejctpbim bpcmchcm nepeianoHeHHH conpcmmjie- 

25 HHfl H HH3KHMH paGOHHMH HanpHKeHHaMH. 

Ochobhhmh HeflocraxKaMH H3Bccinoro xexHHqecKoro pemeHHH OTJUnOTCH, 
Bo-nepBBix, HeB03MoxcHOcn> o6teflHHeHHa cymecreyiomeft TexHOJioraH npomBOflcr- 
Ba nojiynpoBOflHHKOBHx npnSopOB c npeflnoaeeHHoft xexHOJioraefi roroTOBJieHHa ro- 
BecrHofi anefiKH n&Mara, t.k. HcnonwyeMBie b Hefi HH3KOTeMnq>arypHBie Moneicy- 
30 JiapHEie coeAHHeHHH HBJimorca mcxehhhcckh, a raaBHoe, tcpmhtockh HeycrofrmBH- 
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mh BemecraaMH, choco6hhmh BBwepacHBaTb TeMnepaxypy tojibko jxo 150°C. 3to He 

n03BOJIKCT npHMeHHTb HX COBMCGTHO C COBpeMeHHOfi TCXHOJIOnieft H3rOTOBJieHHH 

nojiynpoBOAHHKOB, HcnojnayioiDpax b TexHOJioranecKHX npoijeccax TeMnepaiypu ro 
400°C. 

5 Bo-BTopux, roBecraaa Hnefcca naMHTH cnocoSHa xpamm, tojibko o«hh 6m 

HH<j)opMaijHH, hto He no3BOJiaer HcnojiB30BaxB ee npn co3flainm ycrpoficTB C BHCO- 

KOtt HH^OpMamiOHHOft HJIOTHOCTBIO. 

KpoMe Toro, <J)H3HHecKHe xapaicrepHCTHKH npHMeHeHraix MaxepHanoB o6y- 
cnaBJiHBaiOT HeyflOBJierBopHxeJiBHyio noBropJieMOCTB cpaicjia (3annci>-HTeHHe- 
10 cmpaHHe). 

Bee BtnnenpHBefleHHHe, a TaKHce H3BecxHHe b jiHTepaiype jraemcn naMHTH 
AaHHoro THna hmciot oSmnft HeaocxaTOK - no3BOjraoT xpamrrb jihuib oahh 6ht hh- 
<^opMaupH. 

PacKpurae H3o6peTeHHfl 

15 B ocHOBy H3o6pereHHH nocraBneHa 3£wana wxyjaHHfl npHmpmnajiBHO hoboh 

anefecH naM5rra 5 Koropaa no3BOJiajia 6h xpaHHTb hcckojibko 6htob HH<j>opMaijHH, xa- 
paicrepH30BajiacB 6h Shctphm BpeMeneM nepeKmoTCHHH conporHBjieHHH h hh3khmh 
paSoHHMH HanpoceHH^MH, ho npn 3tom no3BOJuuia 6u coBMecrHTb TexHOJiormo ee 

H3rOTOBJieHH£ C TeXHOJIOTHeft npOH3BOflCTBa COBpeMeHHHX nOJiynpOBOflHHKOBEIX 

20 ycrpoficTB. 

3ra 3a,«aHa peineHa xeM, *rro b aqe&ce naMffra, coflepacanjeft Tpexcjiofinyio 
cipyiciypy, cocroamyio m ppyx 3JieKipofl0B, Meacfly kotopumh pacnojioaeeHa <J>yHK- 
ipioHajiBHM 30Ha, b KanecTBe ajiejcrpOflOB Hcnojn>3yiOTCfl Merajui h/hjih nojiynpo- 

BOflHHK H/HJIH UpOBOAHJUHfi HOJIHMep H/HJIH npOBOflOTXHfi H OITTHHeCKH Hp03paHHBEB 

•25 OKHcen hjih cyjiB^HA, a ^yHKOHOHajiBHaA 30Ha BbmojmeHa H3 opraHHHecKHx, Meran- 
jiopraHOTecKHx h HeopnuamecKHx MsrrepnaJioB co BcrpoeHHHMH b MOJieKyjwpnyio 
h/hjih KpHcraJuraqecKyio crpyioypy pa3jraqHHMH ranaMH aKTHBHtix ajieMeHTOB, a 
TaK«e hx coHeraHHH flpyr c flpyroM h/hjih raiacrepaMH Ha hx 
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ocHOBe, Koroptie H3MeHHKrr cBoe cocroHHHe hjdh nojioaceHHe nofl AeifcTBHeM BHera- 
Hero aneicrpiwecKoro nojw h/hjjh cBeroBoro ronyneHHa. 

Yica3aHHoe BKtnojraeHne jraeftKH ii&mhth no3Bonaer C03flarB aneMeHT naMaro c 

OflH06HTOBHM HJIH MHOroSHTOBMM CnOC06oM 3aiIHCH, XpaHeHHK H CHHTWBaHHa HH- 

dpopMamm. IIpH 3tom mnpopMauHH coxpaHHercfl b BHfle b&jihhhhh conpoTHBJieHHH 
4>yHKipioHajn.HOH 3ohh. flna anefticH naMaro c o«ho6htobmm peacHMOM xpaHeHHH 
HH^opMamm BejraHHHa conpoTHBJieHHH jreefiKH HMeer «Ba ypoBBW - bbicokhh (coor- 
BCTcrayeT 3HaHeHmo, HanpHMep, 0) h hh3khh (coorBexcTByeT 3HaqeHmo, HanpHMep, 
1), a aqefiKH naMHTH c MHoro6nTOBHM peamMOM xpaHeHHa HH$opManHH Benn- 
HHHa conporoBJieHHa htohkh HMeer HecKOjn>KO ypoBHefi, cooTBercrByiomHX onpefle- 
jieHHOMy Gary HH^opMauHH. TaK, HanpHMep, ajih flByxSirroBOH jraeftKH HMeercH ie- 
THpe ypoBHa 3HaieHHft ee conpoTHBJieHHft, hjih qenapex 6htoboh - inec-ma/waTt 
ypoBHefi h t. a. ^HefiKa naMHro butoaho OTJiHHaercH or Hcnoji63yeMiix b Hacrojnnee 
BpeMH 3JieMeHTOB naMHro TeM, hto bo BpeMH xpaHeHHa HH^opManHH, OHa He Tpeoyer 
nocTOHHHoro nHTaHHfl. BpeMH xpaHeinw HH$opManHH 38BHCHT or crpyicrypH HHefi- 
kh naMHro h HcnojnwyeMoro MaTepnana <pyHKnjHOHajn>HOH 30hbi, pexcHMa 3anHCH h 

MO»CeT BaptHpOBETBCH OT HeCKOJIBKHX ceicyim (MOMCeT 6HTB HCnOJTB30BaHa flJIH C03- 

fl aHHH flHHaMKraecKOH naMHro), flo HecKOJBbKHX jier (MOKer 6ht& HcnojnaoBaHa pm 
co3flaHHH AonroBpeMeHHOH naMHro, rona «$Jiem» naMHro). 

BbITOAHO BbinOHHHTB (pyHKUHOHaJILHyK) 30Hy HHeHKH naMHTH, COCTOHmeH H3 

aKTHBHoro cjioh Ha ocHOBe oprararaecKHX hjih MeTfuuiopraHHHecKHX conpHxceHHHX 
noHHMepoB co BCTpoeHHHMH b ocHOBHyio nen& h/hjih npncoeffHHeHHHMH k ueira 

BOTH iiJIOCKOCTH H/HJIH BCTpoeHHBIMH B CTpyKiypy &KTHBHEIMH 3JieMeHT8MH o6pa- 

3yiomHMH mm He o6pa3yioinHMH cBerorajiyHaioinyK) crpyKrypy, h/hjih H3 bktobho- 
ro cjioh Ha ocHOBe opraHircecKHx, MeraJUiopramiHecKHX h HeopraHHqecKHx Marre- 

pHaJIOB C BHeflpeHHBIMH nOnoaCHTeJttHHMH HJIH OTpHUaTeJttHHMH H0H3MH, B TOM 
HHCJie H MOJieKyjIHpHHMH HOHSMH, H/HJIH C BHeflpeHHHMH KJiaCTepaMH Ha OCHOBe 

.TBepflEix ajieicrpojiHTOB, jm6o c MOJienyjiaMH h/hjih hoh&mh c ajieKipiraecKHM w 
noHBHHM MOMeHTOM, h/hhh c miacrepaMH hb ocHOBe TBepflHX nojfflMepHHX h Heop- 
raHHHecKHx (peppoajieKipmcoB, h/hjih c aohophhmh h aKHenropHBiMH MOJieicyjiaMH, 

h/HJIH C OpraHHTOCKHMH h/HJIH HeopraHHHeCKHMH COJIHMH H/HJIH KHCJIOTaM h/hjih 
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MOJieicyjiaMH bo^ki, h/hjih c MOJieKynaMH, KoropHe Moiyr flHccoipnipoBaTb b 3JieK- 
TpiwecKOM nojie h/hjih noa fleftciBHeM CBeroBoro rcuiyneHHa, h/hjih c Heopramrae- 
ckhmh h/hjih MerajuiopraHHHecKHMH, h/hjih opraHBraecKHMH cojikmh, h/hjih MOJieKy- 
jiaMH c nepeMeHHoK BajieHTHOCTBK) MerajuiOB hjek aTOMapmax rpynn bxoahiuhx b 
5 hhx. YKa3aHHoe BBinojmeHHe ^yHKipiOHajibHofi 3omi no3BOJweT co3^aTb crpyicrypy, 
cnoco6Hyio h3mchhtb sjieieipiraecKoe conparaBJieHHe aicrHBHoro cjioji h/hjih o6pa- 

30BHBaTB BHCOKOIipOBOAHmHe 06jiaCTH HJIH HHTH B 8KTHBHOM CJIOe nOfl B03fleftCTBH- 
eM BHCIIIHHX 3JieKTpHHeCKHX H/HJIH CBeTOBHX B03^efiCTBHft Ha HHeHKy naMflTH H CO- 
XpaHHTB 3T0 COCTOJIHHe npOflOJDKHTCJIBHOe BpeMK 6e3 npHJIOKeHHH BHCIIIHHX 3JieK- 

10 TpHTCCKHX nojieft. 

BecBMa 3$$eKiHBHO HcnojiB30BaTb b KanecTBe oflHoro H3 aicrHBHBix 3JieMeH- 
tob ^ymopioHajiBHoS 3ohh KHe&CH naMHTH MOJieKyjiu h/hjih hohbi c sjieicrpiraecKHM 

flHnOJIBHBIM MOMCHTOM H/HJIH C BHCApGHHHMH KJiaCTepaMH Ha OCHOBe TBepflKDC IIO- 

jiHMepHHX h HeopramraecKHX 4>epp03JieKipHK0B, hto o6ecneHHBaer pa6orocnoco6- 

15 HOCTB HHefiKH naMOTH IIpH HH3KHX HpHKJiaflBIBaeMBIX HanpJDKeHHJIX. 3tO CBH33HO C 

tcm, hto npHcyrcTBHe $eppo3JieKipHHecKHX 3JieMeHTOB yBejiHTOBaer BejiHHHHy Ha- 
npraceHHOCTH BHyTperaero 3JieKxpmecKoro nojia, a, cjieflOBarejiBHO, norpeGyeT 
npHjioMceHHH Mem>mero BHenmero sjieKipiraecKoro HanpflKeBora npH 3aimcH hh- 
^opMamm. 

20 IlepcneKTHBHO BtinojiHHTB ^ymcmioHajiBHyio 30Hy KHe&KH naMHTH B BHfle 

MHorocjioitooH crpyioypH, cocro^mefi H3 hcckojibkhx cjioeB pa3jraroofi aicraBHO- 
era, HanpHMep, bhiiojihchhbix H3 opraHHnecKHX, MerajuiopraHHHecKHx h Heoprarai- . 
qecrax MaxepnajiOB co bctpochhhmh b MoneKyjwpHyio h/hjih KpHcrajunraecKyio 

CTpyKiypy aKTHBHHMH 3JieMeHTaMH H/HJIH KJiaCTCpaMH Ha HX OCHOBe, KOTOpUe H3- 

25 MeHHK)T CBoe coctokhhg hjih nojioKeHHC nofl fleficTBHeM BHemHero sjieiopOTecKoro 
nojia h/hjih CBeroBoro mnyHeumL, hto no3BOJwer pacnmpHTb AHana30H h ^HCKper- 
HOCTB Bennqra sjieinpHHecKoro conpoTHBJieHM, a, cjieflOBaxejitHO, noBMCirn* hh- 

, OpMaHHOHHyK) HJIOTHOCTB IiaMHTH. 

L(ejiecoo6pa3HO bhhojihhtb (JiymciiHOHajiBHyK) 30Hy meftm naMjrra b Bme 
30 MHorocjioteofi crpyKiypu, cocroameft H3 Hepe^yiomnxcn aicrHBHBix, naccHBHHx h 
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6aptepHHX cjioeB, npn 3TOM naccHBHue cjioh BHnojmeHH H3 opramraecKHX, Meran- 
jiopraHHnecKHx h HeoprainraecKHX MarepHajiOB KBjiaiomHxca flOHopaMH h/hjih aie- 
qeirropaMH HocHTejieft 3ap5MOB h o6jiaaaioinHx hohhoh h/hjih ajieiopoHHOH npoBO- 
flHMocr&io, a 6apbepHHH cjioh, BHnojraeH m MarepHajiOB c sjieicrpoHHOH npoBOffH- 

MOCTBK) H HH3KOH HOHHOH npOBOflHMOCTBIO, TO) HO3B0JI»eT nOBBICHTb BpeMeHHyK) 

CTa6HJiBHOCTb OTefiKH naMjrra h oflHOBpeMeHHO yBejiHHHTb HH<popManHOHHyio njiar- 
hoctb 3a ctct Sojiee bhcokoh flHCKperaocra xpaHHMHX 3HaHeHHH BennraHH ajieicrpH- 
necKoro conpoTHBJieHHa jraefiKH naMjrm. Taieoe BtraojraeHHe $ymon«)Hajn>HOH 30hh 
no3BOJwer co3flar& MHorocjioteyio crpyioypy, cnocoSHyio mMemrrB ajieKTpiraecKoe 
conpoTHBjieHHe aicrHBHoro cnoa h/hjih o6pa30BHBara BHCOKonpOBOflamae o6jiacra 
hjih hhth c MerajuraqecKoK npoBOflHMOCTbio b aKTHBHOM cjioe raw fleftcTBHeM 
BHenmero ajieKipiraecKoro nojw h/hjih CBeroBoro HSJiynemiH Ha jraeifey naMjrra h 

COXpEHHTB 3T0 COCTOflHHe npOflOJDKHTeJIBHOe BpeMH 6e3 npHJIOHCeHHa BHeiUHHX 3JKK- 

TpmecKHX nojien. 

npeflnoTOrrejiBHO bbuiojihhtb ajieicrpofl jraefiKH naMjrra b BHfle hcckojibkhx 
pasfleneHHux Meacay coSofl ajieMeHTOB, HanpHMep, jmyx hjih Tpex aneMeHTOB pacno- 

JIOTKeHHHX H3fl <pyHKHKOHaJH>HbIM CJIOeM, TO) HOSBOJIflCT 60Jiee TOTOO KOHTpOJIHpO- 

Batt BejiHHHHy ajieKipmecKoro conporoBJieHHa jpkjhkh, TeM comhm hobhchtb ypo- 
Bem, AHCKpeTHOcra sairacH HH^opManjHH, - jih6o tohhocth BejiHHHHH aHajioroBoro 
SHaqemw 3 JieiopHHecKoro conpcmmjieinw jraefccH, a TaioKe rawBOJiaer pasBJoan, 
sjieinpOTecKHe ueira 3airacH h cHHTHBaHHa nmpopManHH. 

BbiroffHO bmhojihhtb ajieierpofl jttchkh naMHTH b BHfle flByx napajuiejiBHBix 
npocTpaHCTBeHHO pasfleneHHBix noJiynpoBOflHHKOBHM h/hjih (jpramraecKHM cbcto- 
HSJiy^aiomHM MaxepHanoM 3 jieMeHT0B h oSpasyiomnx, HanpHMep, hjih AHOflHyio 
crpyiciypy, hjih (porocoinjoTHBJieHHe hjih <poroHyBCTBHTejn,HHH 3JieMeHT, to) ho- 

3BOJWCT 3JieKipHHeCKH HJIH OHTHqeCKH pa3BH38TB neHH 3aHHCH H CHHTBIBaHHJI HH- 

(popManHH. 

TaioKe BHroflHo BBraojraHTB ajieieipoA KHefiKH naMjrra b BHfle Tpex napaji- 
jieiiBHHX npocTpaHCTBeHHO pasflejieHHHX nojrynpoBOflHHKOBHM h/hjih opramree- 
ckhm cBeTOH3jryqaionmM MarepHanoM ajieMeirroB h o6pa3yiomHX, HanpHMep, CBero- 
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rojiyqaramyio crpyKrypy h ^oroconporHBJieHHe hjih ^oroHyBCTBirrenBHHfi sjicmcht, 
*no xoxce no3BOJwer oirnraecKH pa3BH3art i^enn 3armcH h CHHTHBaHHH HHtfropMamiH. 

KpaTKoe oiracaHBe nepTeacefi 

Ha FIG.l- FIG.20 npiroefleHH BapnaHTH BunojiHeraw 3aHBJineMoft HHeftKH na- 

5 mhth: 

- FIG.l - oSman cxeMa crpoeHHH 3aHBJineM0il HneftKH naMHTH c AsyMH 

CIUIOHIHHMH 3 JICKTp OflaMH H aKTHBHOH ^yHKHJIOHaJIbHOH 30H0HT, 

- FIG.2 - 3MBJiHeMM KHeKica naMHTH c flsyMK ciuiomHHMH ajieicrpoflaMH h 

OflHOCJIOttHOit $yHKE[HOHaJIbHOfi 30HOtt; 

io - FIG.3-8 - 3aflBJMeMaa OTeinca naMHTH c flByMH croiommiMH sneierpoflaMH h 

MHOrOCJIOHHOH $yHKUHOH£UILHOfi 30HOft J 

- FIG.9 - 3aHBJiHCMan HHe&ea naMHTH BHnojmeHa c oflHocjioftHoft ^ymamo- 

HaJIBHOfi 30HOI*, C OflHHM CnjIOfflfflIM 3JieKTpOflOM, a ApyTHM 3JieKTp0fl0M COCTOH- 
IEPKM H3 flByx 3JieMeHT0B; 

15 - FIG. 10-1 1 - 3aHBJiaeMaH nqe&ea naMHTH BtmoJiHeHa c MHorocjiotoofi <J>yHK- 

UHOHajibHoft 30H0fi, c oflHHM cnjioniHBiM 3JieicrpoflOM, a apyruM sneierpoflOM co- 
croHmHM H3 Asyx 3JieMeHTOB; 

- FIG.12 - 3aHBJiHeMan nqe&ca naMHTH BBmojraeHa c oflHocJiofeofi ^ymcnjio- 

HaJttHOfi 30HOfi H flByX 3JieKTpOAOB, KaXCflfclfi H3 KOTOpHX COCTOHT H3 flByX 3JICMCH- 

20 tob; 

- FIG.13-14 - 3aHBjineMaH nnefeca naMHTH BBmojraeHa c MHorocjiOHHofi 4>yinc- 

UHOHanBHOft 30H0tt H flByX STOKipOflOB, Ka>KflBlft H3 KOTOpHX COCTOHT H3 flByX 3Jie- 

mchtob; 

- FIG. 15 - 3aHBJIHCMBH HHe&Ca naMHTH BMHOJffleHa C OflHOCJIOHHOfi $yHKECHO- 

25 HajaHofi 30Hofi, c oflHHM cnnomHHM sjieiopoflOM, a flpyraM 3JieKipOflOM COCTOH- 

nyfM H3 Tpex 3JieMeHTOBJ 
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- FIG. 16- 17 - 3a*BJtfFeMafi HHe&ca umwrn BtmojraeHa c MHorocjiofiHoft $ymc- 

UHOHaJIbHOfi 30HOft, C OflHHM CIUIOmHHM SJieKTpOflOM, a flpyTHM SJieKTpOflOM co- 
CTOHmHM H3 TpeX 3JICMCHTOB; 

- FIG. 18-20 - 3aHBJweMafl Hneinca naMHTH BtinojiHeHa c MHorocjiofiraoa 4>yHK- 
5 UHOHajitHOH 30hoh, CHaSaceHHofi sjieMCHTaMH 3JieiopHqecK0fi hjih onrmecKOH pa3- 

BH3KH; 

- FIG.21 - npeacraBJieHa cxewta, noHCHHK>man npHHunn 3airacH, crapaHHH h 

CHHTBIBaHRH HH(j)OpMai(HH C 3aHBJIHCMOH OTeftKH naMHTH; 

- FIG.22 - npeflcraBJieHH sraopu HanpHHceHHH h TOKa npn 3aimcn, crapaHHH 

10 H CTOTHBaHHH HH(J)OpMaDpHH C 3aHBJIHeM0ft HHeftKH naMHTH. 

Jlynnrae eapnaHTbi ocymecTBjieHHH H3o6peTeHHH 

3aflBJMeMaa Hneinca naMHTH (FIG. 1-8) coflepMcur «Ba ajnoMHHHeBHX cruiom- 
hmx ajieKipofla 1 h 2, Me^ny kotopbimh pacncwiCMKeHa oflHocjioftHan 4>yHKitf*OHaJiB- 
Haa 30Ha, cocrosmaH m o/jHoro aicraBHoro cjioh, KOtopufi MOHeer Strrb ^orrapoBaH 

15 HOHaMH 3 HJIH KJiaCTCpaMH SJieiCipOJIHTOB (3a) (FIG, 1-2) HJIH ffl3yX aKTHBHHX flOEM- 

poBaHHHx cjioes 3b h 3c (FIG.3), hjih flByx aKTHBHHX cnoeB c KJiacrepaMH sjieierpo- 
jihtob 3d h 3e (FIG.4), pa3flejieHHux GapbepmiM cnoeM 4. Ha FIG.5-8 <J>yHKijHo- 
HajiBHa^ 30Ha BHnojmeHa MHorocjioftaofi, cocroHmefi H3 oahoto aicrHBHoro cjioh 3 h 
oflHoro naccHBHoro cjioh 5 (FIG.5) hjih H3 oflHoro aiciHBHoro cjioh 3, oflHoro 6api>- 
20 epHoro 4 h oflHoro naccHBHoro cjioh 5 (FIG.6) hjih H3 jspyx aKTHBHHX cnoeB 3b h 3c, 
oflHoro 6ap&epHoro 4 h o^Horo naccHBHoro cjioh 5 (FIG.7) hjih H3 flByx aKTHBHHX 
cnoeB 3b h 3c, oflHoro 6aptepHoro 4 h jspyx naccHBHtix cjioeB 5a h 5b (FIG.8). 

Ha (FIG.9-11) 3amjiHeMaa Hqefcea naMHTH coflepaorr ajnoMHHHCBLie sneicrpo- 

W 1 H 2, IIpH 3TOM BepXHHfi 3JieKip0fl 1 COCTOHT H3 flByX 3JICMCHT0B la h 1b. Mexmy 

25 3JieicrpoAaMH pacnojiOHceHa <J>yHKipioHajiBHaa oflpocnofiHaH 30Ha, cocronmaH H3 or- 
Horo aicrHBHoro cjioh 3 (FIG.9), hjih MHorocnofaaH (JymajHOHaJiBHaH 30Ha coctoh- 
mefi H3 oflHoro aicrHBHoro cjioh 3 h oflHoro naccHBHoro cjioh 5 (FIG. 10), hjih mhoto- 
cJiofiHan ^yHKOHOHajiEHaH 30Ha cocronmeft H3 oflHoro aicraBHoro cjioh 3 oflHoro 
6apBqpHoro cjioh 4 h ojjhoto naccHBHoro cjioh 5 (FIG.l 1). 
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Ha (FIG. 12- 14) rrpeflcraBJieHa 3aHBjiHeMan Hneihca naMHTH, coAepxama* ajno- 

MHHHCBHC 3JieKTpOAH 1 H 2, KfDKAHfi H3 KOTOpHX COCTOHT H3 flByX SJICMCHTOB la, IB 

h 2a, 2b, Meacfly 3JieicrpoAaMH pacnojioaceHa 4>yHKqHOHajiBHaa oAHOCJiofiHan 30Ha, 
cocronmaH H3 oahoid aicraBHoro cjioh 3 (FIG. 12), hjih MHorocjioifeaH ^yHKmio- 
5 HajiBHaa 30Ha cocroHmeft H3 oflHoro aKTHBHoro cjioh 3 h oflHoro naccHBHoro cjioh 5 
(FIG, 13), hjih MHorocjioHHM ^yraomoHajiBHafl 30Ha cocro^meH H3 oahoto aKTHBHo- 
ro cjioh 3 oflHoro SapBepHoro cjioh 4 h oflHoro naccHBHoro cjioh 5 (FIG. 14). 

Ha (FIG. 15-17) 3aHBJiaeMaa HHe&ca naMHTH coflepHHT ajnoMHHHeBBie 3JieK- 

TpOflH 1 H 2, npH 3T0M BepXHHfi 3JieKTpOA 1 COCTOHT H3 TpeX 3JieMCHT0B la, IB H lc. 

10 MeyKffy 3JieicrpoflaMH pacnojioxeHa (frymajHOHajiBHaH OAHOCJioihiaH 30Ha, cocTOHman 
H3 oflHoro aKTHBHoro cjioh 3 (FIG. 15), mm MHorocjioitaaa c^yHKimoHajiBHM 30Ha 

COCTOHDiefi H3 OflHOIX) aKTHBHOrO CJIOH 3 H OflHOTO naccHBHoro CJIOH 5 (FIG. 16), HJIH 

MHorocnoftHM <J>yHKrpioHaji&HaH 30Ha cocronmeH H3 oAHoro aKTHBHoro cjioh 3 oa- 
Horo 6api>epHoro cjioh 4 h oahoh) naccHBHoro cjioh 5 (FIG. 17). 

is 3a*BJMeMaH HHemca naMHTH (FIG. 18-20) coAepacirr «Ba ajnoMHHHCBBix 

cmiommix sneierpoAa 1 h 2, MOKjay kotophmh pacnojioaeeHa MHorocjioibiaH 4>ymc- 
UHOHajEbHafl 30Ha 6, Koropan Moacer Cbttb BHnojraeHa aHanonrrao H3o6pa»ceHHofi Ha 
(FIG.3-8) h CHa6KeHHaH 3JieMeHraMH sjieicipOTecKofi pa3BH3KH - AonojrairrejrbHHM 
3jieicrpoflOM 7 h cnoeM 8 H3 nojiynpoBOffHHKOBoro h/hjih opramiHecKoro MaTepnajia, 

20 o6pa3yiomero AHOAHyio crpyicrypy (FIG. 18), hjih 3JieMeHraMH oirraqecKOfi pa3BH3KH 
- AonojmHTejiBHHM 3JieKipoflOM 9 H3 3JieKipoiipoBOAHmen) h oirraqecKH npo3paH- 
Horo MaiepHajia h cjioeM 10 H3 nojiynpoBOflHmcoBoro h/hjih oprairaqecKoro Maxe- 
pnajia o6pa3yiomero ^oroconpoTHBJieHHe hjih <|>OTOHyBCTBHTejiBHHfi 3jicmcht 
(FIG. 19), hjih 3JicMeHTaMH omOTecKofi pa3BH3KH - 3JieKipOflOM 7, roroTOBJieHHoro 

25 H3 sneKTponpoBOflHmero Maxepnajia h AByx cjioes 10, 1 1 H3 nojiynpoBOAHHKOBHX 

H/HJIH OpraHHHCCKHX MaTCpHailOB pa3ACJieHHHX 3JieKip0fl0M 9, H3rOTOBJieHHOIX> H3 

3JieKiponpoBOflHmero h octthtockh npo3panHoro Marepnajia h o6pa3yiomHX $oto- 
Ahoa hjih cBeroH3JiyHaK>myK) crpyKiypy 11 h ^oroconpoxHBJieHHe hjih $OTOHyBcr- 

BHTCJIBHHft 3JieMeHT 10 (FIG.20). 
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jjjix noflCHemifl np HHuana 3aimcH, cTHpamifl h cHHTHBama HH^opMauHH c 
3arajweMofi aqefiKH naMaxn paccMorpHM cxeMy, npeflCTaBJieHHyio Ha FIG.21, co- 
flep^camyio: cneEtHajismifi TecroBHcS reHepaTOp 12, ocHOBaHHBifi Ha nporpaMMHpye- 
mom reHepaxope TOKa h o6ecneHHBaK>mero KOHTpojiHpycMyK) BejiOTHHy TOKa bo 

5 BpeMH 3airacH HH^opMaimn, nocroHHHoe HanpaaceHHe bo BpeMM cwrHBaHHfl, a TaK- 
ace ^opMHpyiomero OTprnjaTejiBHtie HMnyjiBcu HanpJDKemifl npH cmpaHHH; jrae&ey 
naMOTH BKjnonaiomyK), ajieicrpoflH 1, 2 a ^ymcmiOHajiBHyK) 30Hy 6, Koropaa momcct 
6htb BHnojmeHa b BHfle o^Horo H3 BapnaHTOB npeffCTaBJieHHLix Ha FIG. 1-1 7; 6ajuia- 
cTHoro conp othbjichhh 13 h ycrpoficTB ppst perncTpamra HanpaxceHXift 14 h 15, ko- 

io Topue Moryr 6htb BtinojmeHH b Bnae bohbtmctpob, caMoiracn;eB hjih ocipuuiorpa- 
<J)OB. IfaMepM na^eHHe HanpaaceHM Ha 6ajuiacraoM conpoTHBJieHHH 13, momcho no- 
jiyHHTt HH<J)opManHK> o BejraHHHe TOKa npoxoflKmero qepe3 HHefiKy naMjrra. 

YcTpoHCTBO pa6oraex cjie^yiomHM o6pa30M. TecroBHH reHepaTOp 12 <J)opMH- 
pyeT.HMnyjiBC HanpaTKeraifl 16 (FIG.22), npeBHmaiomHH noporoBoe 3HaHeBoae 23. 

15 Ilocjie Toro, KaK BejiKraraa HMnynbca TOKa 3airacH 19 flocrHraer 3anporpaMMnpo- 
BaHHoro 3Haqemw, reHepaTOp 12 nepexoflHT b peacHM cqHTHBaHira h 4>opMHpyer Ha- 
npaaceHHe cHHTHBaHH* 18, Koropoe 3HaHHTejibHO mmc noporoBoro 3HaHeHBW 23. 
3aimcb cHHxaercH np0H3BefleHH0fi, earn KOHTpojrapyeMaH BeammiHa TOKa 3anncH 19 
flocraraeT 3anporpaMMHpOBaHHoro 3HaHemw, nocne nero nprnoiaj^BiBaeMoe aneK- 

20 TpBraecKoe HanpHKerae OTKjnoHaerca. IIo Berarame TOKa 22 (a-d) nepe3 Sajuiacrooe 
conpoTHBJieHHe 13 mokho cy/pm, o BenBrarae conpcmmjieHHa mefcoa naMHTH h 3th 
3HaneHHa conpoTHBJieHHfi moecko nocraBHrs b cooroercrBHe c onpeaejieHHHM 6h- 
tom HH^opMamiH. TaK, HanpHMep, nix ppyx 6htobo0[ meftKH naMflra: 

- tok 22a cooTBercTByer 3HaqeHHK> (00); 
25 - tok 22b cooxBerrcrrByeT 3HaHeHHK> (01); 

- tok 22c cooraercTByer SHaneHmo (10); 

- tok 22d cooTBercTByer 3HaneHHK) (11). 

BpeMH xpaneHHH HH^opMaitHH, a xaicxe h flHCKperHocrb ycraHOBneimH coot- 
BercTByionxHX 3Haqerafi ajieKipHrecKoro conpoTHBJieHHH jrae&aa naMjrra 3aBHCHT or 
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BEiGopa cTpyKiypu ^ymenHOHaji&HOH 3ohh h Hcnoja3yeMBix MaxepHanoB. CTHpaHHe 
mnpopManHH npoH3BOflHTBCH reHepaTOpoM 12 nyreM noflann HMnyjibca orpHnaTejiB- 
Horo Hanpaxcemw 17. CrapaHHe cTOraerca npoiOBefleHHBiM, earn KOHTpojmpyeM&ie 
B&nmaaa TOKa crHparaw 20 flocTHraeT 3aflaHHoro 3Haqeraw, nocjie iero npracjiaflBi- 
BaeMoe (npimaTejiBHoe sjieierpHqecKoe HanpsjKeHHe ononoHaercfl. riocne cnipaHHa 
Hqe&ca naMHTH B03Bpamaercfl b HcxoflHoe cocTOjnnie c onem. 6ojimiihm sjieierpHqe- 
ckhm conpoTHBJieHHeM 4»yma«HOHajn,Hofi 30hh 6. JJflx npHBeaeiiHOH Ha FIG.21 
cipyKiypH HHettKH naMjrra, nepefl KaxcflHM aicroM 3airacH HH<popManHH Heo6xo«HMO 
nepeBecTH jraefiKy nmxm b ncxoflHoe cocrojuffle, T.e. crepen. HMeiomyioca mwpop- 
Mamno. 

HHHce npHBeaeHH pa3jraqHHe BapnaHTBi BHnojmeHHa 3a«BJiaeMOH jraeifacH na- 

MHTH. 

BapnaHT 1. 

Jtee&ca naMjrra (FIG. 1,2) coaepjKHT ipexcjioHHyio crpyicrypy, cocroamyio hs 
OTyx 3JieicipoflOB 1 h 2 BBraojiHeHHta H3 ajnoMHHHH, Meacay kotophmh pacnojioaceH 
nojra^eHHnauCTHJieH 3 hjih nojmj^peHHnanerHJieH flonnpoBaHHufi hohsmh jihthh 
3 a. nporpaMMHpoBaHHe anefacH naMjrra nponcxoflHT npn npHJioHceHHH HMnyjitca 
sjieKipiraecKoro nojw, no Bejornrae npeBoexoflamero noporoBoe 3HaHemie c <ymo- 
BpeMeHHHM KompojieM npopeKaeMoro iepe3 mewy sjieieipiraecKoro TOKa (hjih b&- 
jnrnfflH sjieKTpiraecKoro conpoTKBJieHHH, hjih ;yiHTeju>HOCTH h Bejnranna npHjio- 
MceHHoro HMnyjitca sneKipiraecKoro HanpJDKeHHa). 3anHCB cwaeTCH npOH3BefleH- 
Hoft, ecjra KompojiHpyeMHe BeJiHramj (tok hjih conpanmjieHHe) flocraraioT 3aaaH- 
Horo 3HaHeHHH, nocjie qero npHKJHWHBaeMoe sjieKipiraecKoe HanpJDKemie onuiKwa- 
ctch. HTerae HH<popManHH c ahchkh npoHcxoflHTt npHJio%eHHCM HMnyjaca ajieK- 
TpmecKoro HanprneHHa c BanrmHOH mrae ero noporoBoro sHaneHHa c oflHOBpe- 
MeHHOtt perHCTpannefi BejnrmHH npopeKaeMoro tokb hjih c KompojieM Bejnranna 
ajieKipiraecKoro conporaBJiemM. CrapaHHe nponcxoflHTb npn npHJioaceHHH o6parr- 
Horo (orpHnarejiBHoro) HMnyjaca sneKipinecKoro HanpaxceHHH c oflHOBpeMeHHHM 
KompojieM npopeKaeMoro iepe3 jraefiKy 3JieKipHqecKoro TOKa (hjih BejnraHHu 3JieK- 
ipmecKoro conporaBJieHHa, hjih fljnrreJiLHOCTH h Berarmmi npHJioxeimoro hm- 
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nyjitca 3JieierpHqecKoro HanpaaceHHa). OrapaHHe CTHxaercji npoH3Be«eHHHM, earn 
KOHiporapyeMHe b&tihhhhh (tok hjih conpanmneHHe) flocTHraiOT 3a«aHHoro 3Haie- 
hhh, nocjie nero npHKJiajndBaeMoe oTpHuaTejn>Hoe 3JieierpHqecKoe HanpffiKemie ot- 
KJnoHaercfl. 

BapnaHT 2. 

iteeftKa naMjrra (FIG.3,4) coflepacHT TpexcjioHHyio crpyicrypy, cocroamyio H3 
«Byx 3jieKTpo«oB 1 h 2 BHnojmeHHHX H3 ajnoMHHHfl, Me>Kffy kotophmh pacnonoxce- 
hbi flBa cnoa nojiHCpeHKnanerarieHa 3b h 3c hjih nonHflH^eHnnanemuieHa flormpo- 
BaHHLix HouaMH jihthh 3d h 3e, KoropBie pa3fleneHH HHxpHflOM jihthh 4. IIporpaM- 

MHpOBaHHe, HTCHHe H CTHpaHHe HH$OpMaUHH JWeHKH naMHTH npOHCXOflHT MeTOflOM, 

orracaHHHM b Bapnairre 1. Taxaa jraeftica xapaKTeproyercji hojithm BpeMeHeM xpaHe- 

HHH HH^OpMaUHH. 

BapnaHT 3. 

JfrieHKa naMHTH FIG.5 coAep>KHT TpexcjioHHyio crpyicrypy, cocroflnryio H3 
OTyx sjieicipoAOB 1, 2 b bhio jihchhhx H3 ajiiOMHHHfl, Menyry kotophmh pacnojioaceH 

CJiOfi H3 OKHCH HJIH HHTpHfla KpeMHHfl HJIH HOJIHCTHpOJia 3 H naCCHBHHH CJIOH 5 H3 

xajiBKoreHHAa u&m hjih xajifiKoreHHna. cepeopa. riporpaMMHpOBaHHe, neirae h CTH- 
paHHe HH<popManHH jraefiKH naMjrra npoHCXOflur MeronoM, oimcaHHHM b BapHairre 
1. TaKaji jwefiKa xapaicrepH3yeTca Ronrm BpeMeHeM xpaHeHHa HHtpopMainiH. 

BapnaHT 4. 

flqeifea naMSTH (FIG.l) co«epacHT TpexcjiofiHyio crpyKiypy, cocrojnnyio H3 
flByx 3JieicrpOAOB 1 h 2 BimojraeHHHX H3 ajnoMHHHa, Mexmy kotophmh pacnojioxceH 
cjioh 3 H3 nojiH(peHHJiaHeTHJieHa hjih nojinjBi^eHHJiaiieTHJieHa, flonHpoBaHHufi mo- 
jieKynaMH xnopaHHJia hjih TeTpaHHaHXHHOflHMeraHa. nporpaMMHpOBaHHe, neime h 
CTHpaHHe HH<popManHH flqefiKH naMjrra npoHCXoflHTB MeroflOM, omicaHHUM b BapH- 
airre 1. Taicaji nqefiKa xapaKTepiayercH 6hctphm BpeMeHeM nepeKJUOHerara. 

BapHaHTS. 

^HeHKa naMHTH FIG.5 coaepxHT Tpexcjioinryio crpyKrypy, cocroflnryio H3 
flByx 3JieKTpo«OB 1 h 2 BHnojmeHHHX H3 ajHOMHHHH, Meawy kotophmh pacnonoaceH 



WO 03/017282 



14 



PCT/RU01/00334 



cjioh H3 nojDaaHHJiHHa 3 h naccHBHHft cjioh 5 H3 raflpma najuiaflBw. IIporpaMMHpo- 

B8HHC, HTerae H CTHpaHHe HH^OpMaiJHH HHefiKH naMHTH npOHCXOAHT Mexo^OM, 

onHcaHHHM b BapHanre 1. Taican nrcfiKa xapaKTepmyercH 6hctpbim BpeMeHeM nepe- 

KJEOHeHHfl. 

5 BapnaHT 6. 

ifaeftKa naMHTH FIG. 16 coAepmrr TpexcjioftHyio crpyiciypy, cocTOKEDtyio m 
AByx ajieKTpoflOB BunojmeHHHX ro ajnoMHHHH, npnqeM oahh H3 ajieicrpoflOB (Bepx- 
hhh) BtinojmeH H3 Tpex ajieMeHTOB la, 1b, lc. Oyma^HOHaJiLHHfi cnofl 3 coctoht H3 
nojiH^eHHJiaAenuieHa hjih nojiHflH^eHHJiaijeTHJieHa h naccHBHoro cjioh 5 xajn>Kore- 
10 HHfla hhoShh, floimpoBaHHoro hohsmh jihthh hjih cjioh xanBKoreHHfla mc^h. npo- 
rpaMMHpoBaHHC nqefiKH naMHTH npoHexoflHT npn npHJioacemiH HMnyjmca ajieicrpH- 
necKoro hojih k HHOKHeMy ajieKxpo^ 2hk ueinpajiBHOMy 3JieMeiny BepxHero 3JieK- 
Tpofla lc, Koropoe no bgjihhhhc npeBocxojjHT noporoBoe 3HaneHHe 23 c o«HOBpe- 

MCHHHM KOHTpOJieM BCJIOTHHH SJieKXpHHeCKOIX) CODCpOTHBJieHHH MOKfly KpaftHHMH 

15 3JicMCHraMH BepxHero sneicrpofla la h 1b. 3anHCB CHHTaercn npoH3BefleHHofi, ecjm 
KompojinpyeMHe bcjiothhei sjieicrpHHecKoro conporHBJieHHH flocraraioT 3a#aHHoro 
3HaneHHH, nocjie qero nprocjiafltiBaeMoe 3JieicrpEraecKoe HanpHaceime orajnonaercH. 

HTeHHe HH(J)OpMaiJHH C HHefiKH OpOHCXOAHT MCTOflOM H3MCpCHHH BCJIHTOHH 3JieK- 

TpOTecKoro conpoTHBJieHHH MOTKjjy KpafiHHMH 3JieMeHTBMH Bepxaero sjieicrpofla la h 

20 IB C HCnOJEb30BaHHCM HMIiyjIBCa 3JieKTpHHeCK0IX> HanpHKeHHH Majiofi bcjihhhhm. 

OrapaHne jraefiKH ikimhth npoHcxoflHT npn npHnoEceHHH o6paraoro (orpHnaTCJiBHO- 
ro) HMnyjiBca sjieicrpiraecKoro hojih "k mDKHCMy sneicrpofly 2 h k ijempajiBHOMy 
3JieMemy BepxHero 3Jieiapofla lc c oahobpcmchhbim KompojieM bcjihhhhh 3JieK- 
TpHnecKoro conpomBJicHHH Meatfly KpaHHHMH 3JieMCHTaMH BepxHero 3JieKipofla la H 

25 1b. OmpaHHe cwraercH npoH3BeACHHBiM, earn KompojiHpyeMHe bcjihhhhh (tok 
hjih conpoTHBJieHHe) flocTHraioT 3aaaHHoro 3HaneHHH, nocjie qero npHKnajjHBaeMoe 
orpHqarejiBHoe sjieKipnqecKoe HanpnaceHHe OTKjnoHaercH. Taican jraefiica xapaicrepH- 
3yercH 6o;iee BBicoKofi HH^opMaanoHHofi idiothoctbk) 3a cwr pa3BH3KH sjieKipme- 
ckhx uenefi 3anncH h cwreiBaHHH h, KaK cjieflCTBHe, 6onee npeijH3HOHHoro kohtpo- 

30 jih BejiHHHHH nporpaMMHpyeMoro 3HaneHHH bcjiothhh sjieKipmecKoro conporaB- 

JICHHH OTefiKH naMHTH. 
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BapnaHT 7. 

ilqefea naMsra FIG.20 co«ep«HT MHorowioHHyio cipyiciypy, cocrojnnyio H3 
HCTbipex ajieicrpoflOB 1, 2 (H3 ajnoMHHHfl), 7 (in Manma) h 9 (h3 npoBoaamero npo- 
3paqHoro oKHCJia hhahh). OymapoHanBHaa 30Ha (6) cooTBCTCTByer 4>yHKHHOHajiL- 
hoh 30He FIG. 16 h BEmoraeHa H3 nonH^eHHJiauenuieHa hjih nojnwH<j)eHHJiaiieTH- 
jieHa h naccHBHoro cjioh xajiBKoreHHfla hhoSiw, flonHpoBaHHoro hohbmh jehthh hjih 
cjioh xajiBKoreHHfla Me«H. Cjioh (11) BunojraeH H3 nojra$eHHJiBmfflJieHa h npe«- 
craBJMer coSoft CBCTOH3Jiyqaioinyio crpyKiypy. Cjioh (10) BtraojraeH H3 nojiynpo- 
BOflHHKOBoro hjih opraHHraecKoro Marepnana h npeflCTaBJMerr coSoft CBeroqyBCTBH- 
•rejiBHyio cipyiciypy. CBeroH3JiyHaiomHH (11) h cBero^ryBCTBHTejibHHH (10) cjioh 
pa3«ejieHH sjieicipoflOM (9) H3 npoBOflamero h npo3paHHoro OKHCJia HHflna. npo- 
rpaMMHpoBaHHe h cropaHHe HH^opMaara jttohkh naMjrra npoHCXoflHT mctoaom, 
onucaHHMM b npHMepe 1, nocpeacTBOM npHJioacemw HanpaaceHHA k sjieiopoflaM 1 h 
7. HTCHHe HH^opMauHH c jraefiKH npoHCXoflHT npHJioHcemieM HMnyjibca aneiopme- 
CKoro HanpjDKeHHa k sneierpoflaM 1 h 2 c BejiOTHHOH mrae noporoBoro 3HaHeHHS c 
oflHOBpeMeHHOH peracTpaimefi bcjihhhhh HanpaaKeinw hjih c KompojieM BejiHTOHH 
3Jieicip»raecKoro conpoiHBJieHHfl Meacay sjieicipoflaMH 2 h 9 hjih c KompojieM BejiH- 
qHHH sneicipHqecKoro HanpaaceHHa Meac^y hhmh. Taiea* jraefiica xapaKrepHsyerca 

60Jiee BBIC0K0H HHfpOpMaUHOHHOfi miOTHOCTbK) 3a CieT OITTHHeCKOH pa3BH3KH 3JieK- 

TpnqecKHx uenefi 3airacH h cwHBaHHH, qro oGecneHHBaer 6ojiee npemoHOHHHH 
KOHTpojn, nporpaMMHpyeMoro 3HaneHHa bcjihhhhei sjieKipiraecKoro conpoxHBJieHHJi 
jrae&cH naMflTH. 

TexHBraecKaH npuMcnHMOcrb 

OrarraHe o6pa3nH 3aflBJiaeMOH aqeiiKH naMSTH 6euih H3roTOBJienH h hchbi- 
TaHH Ha cnennanBHOM creiwe c HcnojnaoBaHHeM TecroBoro reHeparopa. Bhjih mro- 
TOBJieHH BapHaHTM c uejiBHHMH sjieicrpo/iaMH H3 ajnoMHHHH, a xaKxee BapnaHTH c 
HcnoJiKJOBaHHeM flByx h Tpex sJieMeHTHHX ajnoMHHHeBHX ajieieipoAOB, Mexyjy koto- 
pHMH pacnojioxceH nojmconpjDKeHHHH nojiHMep nojnwH^eHHJiaueroJieH, flomipo- 

BaHHHH HOHBMH JIHTHH. HhJKHHH CJIOH ajnOMHHHS 6HJI HaHHJieH Ha CTeKJWHHyiO 

nowioxacy, a BepxHHft ajieicxpofl HanBUMJica Ha cjioh nojraconpaxceHHoro nojiHMepa. 
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HcnojiKjyeMHft noJiHconpjDKeHHHfi nojiHMep BHflepHCHBaer HarpeB no 400°C, hto 
no3BOJwer rororaBjmBaTb 3aaBjraeMHe jraeftKH naMHTB coBMecrao c iipoh3bo;jctbom 
nojiynpoBOflHHKOBBix npnSopoB. HcnHTaHHHMH 6tuia flOKa3aHa bo3mokhoctb co3«a- 
hhh jraefiKH naMOTH, no3BOJMK>meft xpamrrs KaK MHoro6nroByio, xaK h ozmo6mx>- 
5 Byio im<J)poByio HH$opManpio, a TaiOKe <|)0pMHp0BaTB aHanoroBBie 3HaHerora bcjih- 
hhh ee 3JieiopErqecKoro conporaBjiemiH, hto no3BOJwer HcnojEb30Ban> ee TaiOKe b 
KanecTBe craancoB jyw HeftpOHHtix cerefi. 

TaKHM o6pa30M, 3aaBJiaeMyio mcmy naMara moecho CHHTaxt npHmpmnajiBHO 

HOBBIM yCTpOftCTBOM flJW XpaHCHHH HH(j)OpMaiJHH, KaK B IJH<j)pOBOM, T3K H B aHaJIOrO- 
10 BOM BHfle. 
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OOPMYJIA 

1. ifaefbea naMjrni, co^epacamaa TpexcJiofiHyio crpyiciypy, cocroamyK) H3 flByx 
3JieKipojO[OB, MOKfly KOTOpHMH pacnojioaceHa ^yHKipioHajibHaH 30Ha, OTjmqaiomaacH 
tcm, qro b KanecTBe 3JieiapoflOB HcnojiMyioTCH Merajui h/hjih nojiynpOBOflHHK h/hjih 

5 npoBOflamntt nojiHMep h/hjih npoBOflamnfi h odthhcckh npo3paHHHe okhcjih hjih 
cyjiB4>HflH, a $yHKB[HOHajibHaH 30Ha BunoJiHeHa H3 opraHaraecKHX, MerajuiopraHBrae- 
ckhx h HeopramraecKHX MarepnaJioB co BcrpoeHHBiMH b MoneKyjiapHyio h/hjih Kpn- 
crajuimecKyK) crpyioypy pa3JiHHHHMH xnnaMH aKTHBHHX ajieMeirroB, a TaiOKe hx 
coHeraffiw Apyr c apyroM h/hjih KJiacrepaMH Ha hx ocHose, KOTopwe h3mchhk>t cBoe 

10 cocroKHHe hjih nojio»ceHHe noa aeftcrBHeM BHemHero ajieicrpHHecKoro nojia h/hjih 

CBCTOBOrO H3JiyHeHHH. 

2. Jfoeinca naMOTH no n. 1, oTJiKHaerca tcm, hto ajieiopofl BHnojmeH b BHfle He- 
ckojibkhx npocTpaHCTBCHHO h sjiCKipHHecKH pa3fleneHHBix Meamy co6ofi aneMeirroB. 

3. Jfaeinca naMHTH no n. 1, 2 oTjmqaeTCH tcm, hto ajieicrpofl BtinojraeH b BH«e 
15 AByx hjih ipex pa3«ejieHHHX Meatfly co6ott ajieMeinoB, pacnojioaceHHHX Haa <J>yHK- 

miOHaJIBHOg 30HOfi. 

4. JfaeftKa naMHTH no n.l, OTjraqaercH tcm, *rro (frymajHOHajiBHafl 30Ha BBinojiHe- 
Ha H3 aKTHBHoro colon Ha ocHOBe opraHHHCCKHx, MerajuiopraHHqecKHX h HeopraHH- 

HeCKHX MaTCpHaJIOB C BHeflpeHHBIMH nOJIOKHTCJIBHHMH HJIH OTpHJjaTCJIBHHMH HOHa- 
20 MH, B TOM HHCJie H MOJICKyJIHpHHMH HOH&MH. 

5. Jlqe&ca naMHTH no n.l, OTjnraaercH tcm, hto <J>yHKE(HOHajiBHaH 30Ha BHnojme- 
Ha H3 aKTHBHoro cjioh Ha ocHOBe komho3HTOB H3 oprararaecKHX, MerajuiopraHHqe- 
ckhx h HeopraHHHecKHX MarepnajiOB c BHejtpeHHHMH KJiacrcpaMH Ha ocHOBe TBep- 

flBDC 3 JICKipO JMTOB . 

25 6. flqe&ca naMHTH no n.l, OTjmqaeTCH tcm, too ^ymoiHOHajiBHaH 30Ha BHnojrae- 
Ha H3 aicniBHoro cjioh Ha ocHOBe opraHH^ecKHx, MeTajuiopraHOTecKHX h HeopraHH- 
qecKHX MaTCpnanoB c BHejjpeHHHMH MOJieKyjiaMH h/hjih nonaMH c ajieKipmecKHM 

flHnOJIBHHM MOMeHTOM. 

7. Rhc&ksl naMHTH no n.l, OTJimaerrcfl tcm, too <J>yHKmioHaji&HaH 30Ha BHnojme- 
30 Ha H3 aKTHBHoro cjioh Ha ocHOBe komho3HTOb H3 opraHHHecKHX, MCTaJUiopraHOTe- 
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CKHX H HeopraHHHeCKHX METCpHajIOB C BHeflpeHHHMH KJiaCTepaMH Ha OCHOBe TBep- 
flHX riOJIHMepHHX H HCOpraHHHCCKHX $epp03JieKTpHKOB. 

8. Jfaeibca naMHTH no n.l, oTJimaeTCH tcm, hto ^ymojHOHajibHafl 30Ha BHnojrae- 
Ha H3 aKTHBHoro cjioh Ha ocHOBe opraHHHecKHx, MeTajuiopraHHHecKHX h HeopraHH- 

qeCKHX MaTCpHaJIOB C BHe^peHHHMH flOHOpHHMH H aK^IITOpHHMH MOJieKyJiaMH. 

9. JUnefiKa naMKTH no n.l, OTjnreaerca tcm, hto <J>yHKijHOHajii>Hafl 30Ha BunojiHe- 
Ha H3 aKTHBHoro gjioh Ha ocHOBe opraHHnecKHX, MeTajmopramraecKHX h HeopraHH- 
necKHX MaTepnajioB c BHe^peHHUMH opraHHHecKHMH h/hjih HeopraHHHecKHMH cojih- 
mh h/hjih KHCJioraM H/Hjra MoneicyjiaMH bo«h. 

10. Jfaeinea naMHTH no n.l, oTJnraaercH tcm, mo (fcyHKmioHajiBHaa 30Ha BHnojrae- 
Ha H3 aKTHBHoro cjkw na ocHOBe opramraecKHX, MexajuiopraHOTecKHX h Heoprami- 
necKHx MaTCpnajioB c bhcapchhbimh MOJieKynaMH, KOToptie Moiyr flnccomrapoBaTb b 
3jieiopHHecKOM nojie h/hjih noa fleficrBHeM CBeroBoro roJiyneHHH. 

1 1 . Hneinca naMjrni no n.l, oTJuraaercH tcm, hto (frymajHOHajiBHaH 30Ha BBinojme- 
Ha H3 aKTHBHoro cjioh Ha ocHOBe opraHHHecKHx, MexajiJiopraHHqecKHX h HeopraHH- 
qecKHX MaxcpnajioB c BHe^peHHHMH HeopraHmecKHMH h/hjih MeranjiopraHiraecKH- 
mh, H/njffl opramraecKHMH cojikmh, h/hjih MOJieKynaMH c nepeMeimoft BajieHTHocTtio 
MerajuioB hjih aTOMapmax ipynn BxoflmjHXB hhx. 

12. JlnefiKa naMHTH no n. 1, OTJimaercH tcm, *rro $ymamoHajiBHaK 30Ha bmioji- 
HeHa ro aKTHBHoro cnoa Ha ocHOBe opramraecKHX, MerannopraHmecKHX conpraceH- 
hhx nojraMepoB co bctpochhlimh b ocHOBHyio uent h/hjih npncoeffHHeHHUMH k ae- 
nn hjih roiocKOcrb h/hjih BcrpoeHHHMH b crpyicrypy aicrHBHHMH 3jieMeHTaMH o6pa- 
3yiomHMH hjih He o6pa3yiomHMH cBeroH3Jiy^aiomyK) crpyicrypy. 

13. ifaeibca naMKTH no n.l, OTjraqaercji tcm, *rro b KaHecrae 4>yHKipoHajiBHofi 30- 
hh HcnojiB3yercH MHorocjiOHHaa crpyicrypa, cocroHmaa H3 hcckojibkhx cnoeB pa3- 

JIHHHHX aKTHBHBIX CJIOCB BHDOJIHeHHHX ro opraHOTecKHX, MeraJWOpraHOTeCKHX H 

HeopraHBraecKHX MarepnajiOB co BCTpoeHHHMH b MOJieKyjispnyio h/hjih KpHcranjiH- 
necKyio crpyKiypy bkthbhbimh 3JieMeHxaMH h/hjih KJiacrcpaMH Ha hx ochobc, koto- 
p&ie H3MCBOTOT CBoe cocTOHHHe hjih nojioxeeHHe nofl fleficTBHeM BHenraero ajieicrpH- 
qecKoro hojw h/hjih CBeroBoro mjiyqeHra. 
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14. flneHKa naMara no n. 13 OTjnroercH tcm, hto b KanecnBe fcyinonioHajiBHOH 
3ohh Hcnojnayerca MHorocJiotoaa cipyiciypa, cocroamaa H3 hcckojibkhx okthbheix, 
naccHBHBix, SapbepHHx, cBeroiDJiyHaiomHX h <pcnx)HyBCTBHrejn>HHX cnoeB, npa 3tom 
mow h pa3AeJieHHbix Mexwy co6oh MeKXpoaaMH cjioeB pasjmHHHX aKTHBHHx cjio- 
5 es BHnojmeHHBix H3 opniHHHecKHx, MernuuiopraHHHecKHX h HeopramiHecKHx Mare- 
pHanoB co BcrpoeHHMMH b MOJieKyjMpHyio h/hjih KpHcrajuimecKyK) crpyKTypy aic- 

THBHHMH SJieMeHTaMH H/HJIH KJiaCTCpaMH Ha HX OCHOBe, KOTOpHe H3MeHfflOT CBOe co- 

croHHHe hjih nojioacemie noa fleftcTBHeM BHenraero s-jieicrpHHecKoro nojia h/hjih CBe- 

TOBOrO H3JiyHeHHH. 

10 15. flHeihca naMara no n.n. 14 orimHaioineeca TeM, iro b KaHecroe (pyHKHHOHajib- 
Hofl 30HH Hcnojitsyerca MHorocjiotoafl cipyieiypa, cocToain.aa H3 Hepeflyronnaca 
aKiraHBix h naccHBHux h 6apfcepHHx cnoeB, cHa65KeHHHX sjieMeHTaMH oiraraecKOH 

HJffl 3JieKipOTeCK0H pa3Ba3KH. 

16. flHe&ea naMara no n. 14, OTJiHHaiomeeca TeM, hto naccHBHue cjioh BHnojme- 
15 hh H3 opraHHqecKHX, MerajiJiopraHHHecKHx h HeopraHHHecKHx MarepHajioB aBJiaio- 

nnaca flOHopaMH h/hjih aKneirropaMH HOCHTCJieH aapJWOB h o6jia«aionmx hohhoh 

H/HJIH SJieKipOHHOH npOBOflHMOCT&K). 

17. flneHKa naMara no n.14, oTJiHHaioineeca tcm, hto 6aptepHHH cjioh, BtmoiraeH 

H3 MaTCpnaJIOB C SJieKIpOHHOH npOBOflHMOCTBK) H HH3KOH HOHHOH npOBOflHMOCTHO. 

20 18. .HieHKa naMara no n.14; OTjnwaerca tcm, hto b Kaqecroe o>yHKnHOHajn.HOH 
soma Hcnojasyerca AsyxcjioHHaa crpyioypa cocroflmaa hs aicrHBHoro h naccHBHoro 
cnoeB. 

19. JfeeHKa naMara no n. 14, oTJimaerca tcm, hto b KaHecrae o>yiiKHHOHajn>HOH 
3ohh Hcnojnayerca flByxcjiofiHaa crpyicrypa, oahh cjioh BunojmeH hs opramiqecKHX 

25 MCTajiJiopraHHHecKHX h HeopraHHHecKHx MarcpnajioB h oSjiaflaer hhskoh 3-JieKrpoH- 
HOH npOBOflHMOCT&K), a BTOpOH ABJiaeTCfl naccHBHHM cnoeM. 

20. HiettKa naMara no n. 14 orjnraaerca tcm, hto b KaHecroe $ymamoHajn,HOH 
30hh HcnonwyeTca TpexcJiofiHaa crpyicrypa c HapyxHHMH cjioamh, BHnojraeHHHMH 
H3 aKTHBHHx cnoeB h SapBepHoro cjioa pacnonoxeHHoro Mexay hhmh. 
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21. itaeftKa naMirra no n. 14, oTJurcaercH tcm, no b Kaqecrae ^ymomoHajiBHOH 
30hh HcnojiB3yexcfl HerapexcjioHHaH crpyierypa c wyM* aicraBHHMH cjiojimh, koto- 
ptie pasfleneHH xperBHM GapsepHHM cjioeM, a qeTBeprtiii HBJiaercH naccHBHMM cjio- 
ewt. 

5 22. flieftica naMjrra no n. 14 oTjnraaeTca tcm, <rrp b KaqecTBe fcyracj^oHantHoft 
3ohh Hcnoji&ayerca mrracjiofiHafl cnpyicrypa c flByMH HapyacHbiMH naccHBHMM cnoa- 
mh h pacnonoaceHHMMH Mewy hhmh /myMa aKTHBHHMH cjiohmh, Koiopue pasaene- 
Hti naraM 6api.epm>iM cnoeM. 

23. Stoe%K& nauxm no n. 15, oTJimaerc* TeM, mo ajieMenra sjieierpHHecKOH pa3- 
10 bhskh BMnojraeH b BHfle AonojiHirreJiBHoro ajieiopofla HsroxoBJieHHoro H3 snerapo- 

npoBOWimero Ma-repnana n cjio» H3 nonynpoBOfffflKOBoro h/hjih opramwecKoro Ma- 
Tepnana o6pa3yK)BTHX flHOflHyio cxpyKrypy . 

24. HieHKa naMjrra no n. 15, OTJimaercfl TeM, *rro sneMeHT&i oirraqecicoH pa3B«3- 
kh BffliojiHeH b BHfle flonojimrrejitHoro ajieKipoaa HsroroBJieHHoro m sjieieiponpo- 

15 BOflHmero h onnraecKH npospaiHoro Maxepnajia h cjioh hs nojiynpoBOflmncoBoro 
h/hjih opramraecKoro MarcpHana oepaayiomnx mm fcoroconpoTHBJieiffle hjih $oto- 

HyBCTBHTeJttHHH 3JieMCHT. 

25. Jfaeihca naMjrra no n. 15, oTjraqaerca tcm, to> sjieMeHTH oirniqecKOH passas- 
kh BtinojiHeH b BHfle flonojiHirrejiBHoro 3JieKTpo«a HsroTOBJieHHoro H3 aneicrpoiipo- 

20 BOflamero Maxepnana h flayx cjioea m nojiynpoBOffHHKOBHX h/hjih opnmmecKHX 
MarepnanoB pasaejieHHHX bto P hm flonojmrrreJiBHHM sjieinpoflOM HsroroBJieHHoro 
hs sjieraponpoBOwnnero h onnnecKH npospaHHoro Marepnana h o6pa3yiomHX $o- 
TOflHOfl hjih cBeToronynaiomyK) crpyicrypBi h $oTOConpoTHBJieHHe hjih ^oxoHyBcrr- 

BHTCJIBHUH SJieMeHT. 
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FIG. 4 
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FIG. 6 
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FIG. 8 
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FIG. 11 
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FIG. 13 




FIG. 14 
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FIG. 17 
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FIG. 20 
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FIG. 21 
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